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ABSTRACT 
The purpose of this study was to develop a performance 
cost estimating relationship which when used in conjunction 
with hedonic price index theory, measures technological 
Goanee in the form of fa quality change index. This index 
was applied to the analysis of price change in Navy fighter 
aircraft, procured over a period of 1951 to 1961, by adjust- 
ing an index of observed price changes to yield a true price 
index. The resulting analysis showed that if fighter air- 
erait are purchased for speed and payload, the introduction 


of new aircraft has enabled the Navy to buy more of these 


characteristics for any given budget. 
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SE ENTROBDCTTON 


Relying on three basic assumptions: the law of dimin- 
st e turns vhe Melbenusian principle of population; and 
opan tiran 00001212 strate olf Technology, nineteenth 
Semeury CCoOnOoMmisvus madeyrloomy predictions about future 
economic growth. History has shown these classical econo- 
RREO De Dadly an error. The first half of the twentieth 
century alone showed a ninety percent increase in productiv- 
Mchat was unexplained by the increase in capital per 
worker. [Ref. 11] Economists concerned with determining 
mow the classical economists could have erred so badly, have 
wnc ludded that tche error is due to a changing technology. 

This increasing awareness in economic thought concerning 
che importance and implications of technological progress 
can be dated in 1956 with the appearance of an article by 
Moses Abramowitz [Ref. 4], and in 1957 with an article by 
Robert Solow. In attempting to account for the ninety 
Percent increase in productivity, previously mentioned, 
Abramowitz defined that portion of increased output per man 
wich Iswere | vioverdalcerminereasecsin caraio” perimantane 
accounted for, as "the residual," while Solow named it 
"technological change." 

What is technological change and why has technological 
progress become one of the focal areas of inquiry in 


economics? Lave [Ref. 11] in his discussionmincludes, in 





addition to Solow's basic definition of "any kind of shift 
ne. production function," such actouwekas nonconstant 
returns to scale, non-neutral technological change, inter- 
industry shifts of resources, aggregation biases, and several 
others, as the basis of the phenomenon of technological 
progress. 

According to Brown [Ref. 4], this phenomenon has become 
one of the focal areas of inquiry for two basic reasons. 
The first is the inadequately understood and documented 
POD ento tal unemployment related to technological 
change, and the second relates to recent attention devoted 
to policies that optimize the returns of available resources. 
Brown states that "the ruling technology sets the conditions 
for the optimum use of resources; and similarly, a change in 


2 
Brown's 


technology alters the optimum use of resources." 
statement is ample justification for any study of technolog- 
rn change. 

The recent widespread upsurge in environmental awareness 
and interest in energy conservation is directly related to 
resource TE microeconomic terms, the opportunity 
cost of resources, directly affected by changes in technology, 


or prime interest to the environmentalist. The importance 


of technology assessment is amplified by the fact that the 


“Solow (1957, p. 312). 
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ua Congress proposed ldgislature creating an Office of 
Technology Assessment whose principal assignment would be 
omcouvraccy out studies that would provide @Congregs with 
early warnings concerning potential consequences of new 
technologies and with analysis of alternative measures. 

Since optimal use of resources applies to both maximiza- 
tion of output and minimization of cost associated problems, 
the Department of Defense, and the Navy in particular, have 
PCeomce Picrecasingly aware Ôi CC YPTrODIEIIS associated with a 
Ehbansınastechnoeloeyranga Lts*effect on resource allocation. 
This study addresses this problem by attempting to measure 
the change in cost of performance characteristics as related 
Gomum@encnange in cost of fighter aircraft. 

Moss stuoy is an attempt to apply the theory of hedonic 
price indices to the analysis of price change in Navy 
Mer alreralt. The theory requires the incorporation of 
technological change into a quality change index. This index 
can be used to answer questions such as what the price of a 
combination of performance characteristics of a particular 
fighter aircraft would be in a period in which that parti- 
cular combination was not produced. A better understanding 
of the effects of mo opical change in chis model should 
be of benefit to the Navy in dealing with the problems dis- 
eussed in the preceding paragraph. 

The pilan of the paper is to first investigate the hister- 
ical background of technological change and the trends 


established by these initial efforts, then select the proposed 





alternative method oi accounting for technological change 

to be associated with hedonic price index theory, and 

deve lOp CNE cheory on which it is based. This model is then 
applied to the aircraft problem previously mentioned. The 
method selected requires the development of various cost 
estimating relationships to be used in the quality change 
index. The development and documentation of the cost esti- 
Macine relationship and che alternative uses olithe results. 
are discussed in the next sections. Summary and conclusions 


ale presented in the final section. 








LISO PEARCE AROUND 


Aytcheuen che need to explain productivity growth resulted 
in the study of technological change, the phenomenon is not 
limited to situations which involve input-output relation- 
ships Of the productivity type. Nevertheless, initial efforts 
were directed towards developing productivity models. A 
Letter understandiMe ol. thesconcept om Technological change 
can be obtained by examining a few of these historical 
mode isi. 

In these models, the primary tool used to measure techno- 
ii cal change is the production function, since it is a 
meennical relation deseribing how an input combination results 
Tn a maximum numerical output. Often, in order that the 
Production function adequately describes or represents the 
economic situation being investigated, several constraining 
assumptions will have to be made. These important assumptions 
will be included in the discussion of the basic models along 
with the problems which. limit the models usefulness in 
explaining technological progress. 

Treseonrcepe 6f the total or multifactor productivity 
index combined with appropriate production function assumptions 
forms the basis for the first two models to be discussed. 
lowaleraclvor productivity encerapve-ot output per Unit Jon 
labor and capital combined, is also referred to as the 
"residual or index of technical progress." [Ref. 13] The 


index takes the form A = Q/(aL + BK), where Q, L, and K 
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Rms inc respectively, output. Labor, and capital, with 
a and ß being appropriate weights. 

By implicitly assuming a homogeneous pröduction function 
anote Buler*"condi toni KendrickRobtains Thezfollowing 


as his arithmetic index: 
GA/A = [(Q,/Q))/(wL, + rK,)/(wLy + rK))J - 1 


"The weights in this measure are changing over time 

anescnesassregsäßetproduction function consistent with 

this index is Q = tKL/(CLP + aKP)T/P which is a 

innecar homogeneous production function with constant 

elasticity oñ substitution, o = 1/(1+p), c and à are 

the efficiency parameters, p is the elasticity parameter, 

and t is the disembodied neutral technical change." 
tives, the assumption that is critical here is that capital and 
labor increase in approximately the same proportion and that 
ERC rate, w, and' the rate of return on capital, r, are 
affected only by technological change. Kendrick's model runs 
co difficulty when applied over a long period of time 
because the measure of technological change, which is a 
measure of the amount the appropriate isoquant is shifted out 
mone a ray from the Origin, becomes difficult to interpret. 
This.results, in part, from the fact that associated with a 
change in prices, is a sideward movement along the isoquant. 
he confusion cannot be resolved by the choice of either 


current or constant prices because there is no evidence that 


one set of prices is preferable to another [Ref. 11]. 


SNadiri (1970, v. 1138). 


u: ` 
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Robert Solow first used the term "technological change"! 
when he developed his index, which with slight modification 
MSN oMgeometric index, in 19572 Much of thereriticism 
directed at Solow's model is due to the very general assump- 
tions he made in the development of the model. In addition 
vo che assumption oi an aggregate Pproduetion function, of 
the form Q = A(t)f(K,L), that exhibits constant returns to 
scale and is homogeneous, Solow assumed perfect competition 
ema neutral technological change. The technological change 
between two periods is given by the equation 
GA/A = aQ/Q - Kay + AS , where o and B are the elas- 
Preities of output with respect to capital and labor. Inter- 
pretation of the model implies that whatever part of output 
Es not explained by increases in capital and'labor must be 
assigned to technological change. This model differs from 
the arithmetic index in that weighting is by the elasticity 
ee output migarespectcoleach factor rather than by prices. 
Solow's model is also questionable over long periods of time 
primarily due to the assumption of neutral technological 
change and the numerous problems associated with an aggregate 
production iurcti on 

One of the hardest worked aggregate production functions 
is the linear in logs, or generalized Cobb-Douglas form. 
Extensive use of this functional form has been directed 
towards decomposing the Abramowitz "residual! into components 
such as neutral and non-neutral technological progress, and 


economies and dis-economies of scale. Initial use of 
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Roberts models was restricted Go the study oí neutral 
technological change. It has since been generalized to 
pedir quantificaçtion of returns to scale and to account 
for non-neutral as well as neutral technological change. 
Puts o O 

B 


The general form of the equation, Q = ALÉK » makes the 
snares of laboryand capital in ineome, e fand 6, as well as 
output, veichnele@g@ical change, labor and capital, Q, A, L, É, 
functionstor time. Tre Cobb-Douglas' function can befexpanded 
to include an efficiency component, specified .by an exponen- 


is Enustormingãa production function, Q = A as 


tial e 
which when converted to logarithms and fitted to time series 
data yields an estimate of the productivity advance coeffi- 
Alien. and the elasticities of production with respect to 
labor and capital. [Ref. 1] ' 

In addition to assuming neutral technological change, a 
necessary assumption, this model is greatiy affected by the 
number and classification of variables. [Ref. 16] Any 
Bars due to the - misspecification of the form of the func- 
tion will be incorporated in the measure of technical change. 

Despite the extensive use of the Cobb-Douglas production 
Met Lion as a tool for measuring technological progress, the 
mounption Of unitary elasticity of substitution, and its 
rif iculty in accounting for non-neutral technological 
change, have rendered it suspect. The constant elasticity 
Bre substitution (CES) production function, derived by Arrow, 


Chenery, Minhas, and Solow, allows the elasticity of 
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substitution to be estimated. Because this function contains 
bochzelflcieney and distribution parameters, and permits the 
representation of returns to scale in a parameter or set of 
parameters spearately from other parameters, it can be used 
LO estimate both neutral and non-neutral technological 
change. 

1421102 Varlablesr for output, capital and labor, as 
defined previously, and measuring these variables in index 
RR PRO msn commonibase period, the CES production 
function takes the form Q = v[ sk 7P + (1-8)L7PJT4/P 
Parameters y, 0,'P, u, are, respectively, the parameters of 
Pi micuency, alstribution, substitution, and degrees of 
Cie Comscale, where the elasticity of substitution of 
WEBER or capital o = 1/(1+p). [Ref. 13] 

Since for the Cobb-Douglas reu Caio uno ti on or =, 
Or the Leonthef, o = O, the CES function obviously 
includes these functions as special cases. Despite its 
Shortcomings, the CES funetion has proved valuable and 
applicable to several important economic problems. 

The models discussed to this point are well established, 
often utilized, models which have been subjected to consid- 
erable scrutiny over time. Each has been found wanting in 
One or more areas for a variety of reasons both extensive 
and diverse. Recognizing the degree of bias, introduced 
into the measure of technological change, associated with 
these problems, economists have recently devoted considerable 


effort towards developing models which remove these biases 
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thereby providing a "true" measure of technical change in 
the economy. The reader is referred to Nadiri's survey for 
a brief summary of the direction several economists have 
Lamem towards more accurate measurement, of ToLalLeatactor 
productivity. Some have tended towards development of new 
functional forms, many of which amend and, or, expand upon 
the models previously discussed. Others have tended towards 
Bein c0 (11010100101 2 0A701C6 G<111aL€CA@ULISC OÍ thei models 
already available. 

BunceRchedstuayv of technological change resulted from 
Poem] weno xo Lol productivity growth, unaccounted for by 
classical economic theory, Griliches [Ref. 6] felt that 
fee incorporating unstable production functions were, 
towards this end, unsatisfactory. Large unexplained shifts 
Ia duction functions are not very helpful in understanding 
erouch,. furthermore, the trend in economic research towards 
more accurate measurement of technical change is of question- 
able benefit if the change itself is not understood and, or, 
MEM defined. 

The problem is tó develop a model utilizing a stable 
ERRduction function in which all increases in output can 
Mematvtributed to increases in some factor. The Griliches 
Beier, in which the production function remains constant over 
long periods of time, measures changes in output in terms of 
changes in quantities and qualities of inputs and economies 
of scale. It is, by no means, an attempt to remove technical 


change from the explanation of growth; instead it is designed 
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to separate the "residual" into movements along a more 
general production function and into identifiable changes 
Enche qualigies of Mnputse Further, it®?is possabidesto 
adjust the independent variables.for quality changel. 

The basic concept of the Griliches model is to estimate 
a general ageregate produetion function for a particular 
segment of the economy at one period in time, substitute in 
the values of the appropriate parameters at some later 
period in time, then measure the increase in output attrib- 
utable to each factor and to technological change. 

The advantage of the model is that it deals with the 
problem explicitly. It does, however, require considerable 
SmemiatLon, ana 15 thus» subject to the usual econometric 
problems, as well as to the problems associated with a 
somewhat unrealistic aggregate 8E 661C b1 0001 function. 

Griliches! work will provide the methods needed to move 
away from the strict production function relationship of 
RENO to E combination of inputs. Adaptation of his models 
and application of some price index theory make possible 


Seuay of technological change in a cost analysis form. 
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TS ROBEERM DEVELOPMENT 


The transition from the pure theory and measurement of 
weual factor productivity to lan econometrie analysis of 
qualtoy change is madel by -uw Fizing the methods associated 
gene ne theory or hadenTe prieegindexesz Theifirst' task às 
to find what relationship, if any, exists between the price 
of a particular commodity and its quality. The approach 
taken in this paper is based on work done previously by 
Grilicnes. Griliches noted that a variety of models of a 
particular commodity, with different specifications can be 
observed being sold at different prices during the same time 
PE Thus gata can then be, used to derive implicit 
prices per additional unit of the. chosen dimension of the 
commodity. An adjustment in price is then made to account 
for the changes in the specifications of the commodity. In 
general, the main idea is, according to Griliches: "Derive 
implicit specification prices from cross-sectional data on 
the price of various "models" of the particular item and use 
nese in pricing Deine series change in specifications of 
the chosen (average or representative) eu 

In order to develop a relationship between quality change 
and change in output price, it is necessary to break away 


from the traditional association of output price changes with 


Ecri Aches O A 





Chanees in input cost; and establish, instead, a connection 
witch changes in properties, dimensions, or other particular 
characteristics. The first step in this process is to 
develop an appropriate functional relationship. 

Since many commodities are sold in a number of different 
models, it 1s possible To observes in a dest gnated time 
period, a population of prices’ for the different models of 
a particular commodity. The different prices are the result 
of differences in properties, dimensions, or other charac- 
teristics of the various models. Grouping these properties 
under the general heading of qualities, each individual 
RR CNcCan De written as a function of a set of qualities. 


The resulting equation takes the form: 


Pag A roo +0? Frio ag? > 


th model of a commodity in 


is the measure of the gen 


where Pit is the price of the i 
Game period of observation t, Kit 
quality of model i in time period t, and Us is the disturbance. 
Ne rel inoro priori reason to expect price and quality to 
be: related in any fixed @uantitative fashion rilichas, in 
his study of the automobile industry, used the semilogarithmic 
form. The empirical development of the funetional relation- 
ship to be used in this study is treated as a problem in 
parametric cost estimation. Discussion of :the solution to 


This problem is presented in a later section. What follows 


here is a discussion of some of the more general problems, 
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ERRO solutions, which may be encountered in developing 
Lhe relationships which make up a quality change index. 

It may be the case that the measurement of particular 
important qualities is not possible. In this case "proxy" 
variables, which are well correlated to the qualities desired 
though not in themselves desirable, may be used to approximate 
the more desirable variables. 

iit a par cievlar euality cannot be quantified numerically, 
"dummy" variables can be used to measure the average contri- 
pution of the quality, to the price of the item, by assigning 
the value ‘of one if the item possesses the particular quality 
and zero if it does not. This technique will only be success- 
Mp a sufficient number of observations are available. 

If, after making the necessary assumptions about the 
number and kind of relevant qualities Ine che forma 
which they affect price, a sufficiently precise equation 
results, then it can be used to estimate the value of quality 
nantes in a chosen base period. Additionally, it can be 
used to estimate the price of a new set of qualities which 
were not available a the base period, provided that the new 
EEE differs only quantitatively in its qualities from the 
previously available set, and does not contain some new, 
altogether different qualities. 

When using these equations to compare different time 
wS, the resulting implicit prices will depend on the 
particular period chosen as the base period. Laspeyre's 


Em Paasche's! indexes might differ significantly. Griliches 
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presents a technique, first developed by A. T. Court in his 
paper "Hedonic Price Indexes with Automotive Examples," in 
The Dynamics of Automotive Demand, New York, 1939, which can 
be used to estimate the average price change directly by 
assuming the equation holds well enough in both time periods 
except for the additional variable, time. The procedure is 
to add a "dummy" variable to each equation that is zero in 
she. First period” and one in theisecond. «The coeftficitent of 
this variable, holding the change in any of the measured 
qualities constant, provides an estimate of the average 
percentage increase in model price between the two periods. 
Utilizing these various techniques, a quality change index 
can now be developed. 

These equations are used to define an index of quality 


changes as follows: Let 


ree at? > a Pe coco Dmiço Mig) 
Indo] 1 o? a2 particular commodity i=l, ..., r 

t = time period of observation, 0 = base period 

Kit = characteristic k of model i in time period t 
E = dummy variable m Nor model i7in time period t 
Us, = disturbance; 


and form the following regression equation: 


A 


P = 


E Œo „r sẽ ) vw Eos v fool D + A an | 


Tit A ee ne mt t 


then define the quality change index as: 


a; = Pig Pio 
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where Pit “che predicted value’ for model 1 on the basis of 


estimated equation f for the combination of characteristics 
model 1 has in period t, and Po = the predicted value for 


model i based on estimated equation f, using a set of charac- 


t 
Cer tics for base periodo This quam ty change index 
measures, for a particular model, the percentage change in 


price predicted by the function f} on the basis of the change 


t 
in chenlevel of thecifferent qualities between the two 
periods. For a large number of models, these ratios can be 
aggregated into a quality change index, using the same 
weights that would be used in aggregating their prices into 

a particular price index. 

Now that the quality change index has been developed, in 
SORA y must be put to proper use. The objective is to 
Dan adjusted real change in onice. Price indexes, 
unadjusted for quality change, for the O City being 
studied, are either derived, if necessary, or provided oy 
the Bureau of Labor Statistics, depending on the commodity, 
available, The ratio of this price index over the quality 
change index, is the true price index. 

With this basic understanding of the theory associated 
with the problem of measuring quality change, the solution 


method can now be developed. 
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TV. | DEVELOPMENT OF THE COST ESTIMATING RELATIONSHIP 


The development of estimating relationships is made less 
complicated by following a set of general procedural steps. 
This type of logical progression is presented in Kluge's 
paper [Ref. 9]. This section presents the general develop- 
Der che Gost eoe t MmMatine relationships which form the 
quality change index. The following sections present the 
numerical development, evaluation, and documentation of 
these relationships. 

MRE cated earlier that the empirical development of 
the quality change index can be treated as a problem in 
Malet rLomeosl estimacion: This is only partially true. 
Parametric cost analysis can ID. bedzgas a process 
involving development and application of cost estimating 
relationships (CERs). The regression equations developed 
for use in a quality change index are of the same form as 
cost estimating relationships, but their application is 
somewhat different. The ouairt y change index regression 
equations are estimating relationships in that they are 
Statements of MOLE" or more teecnnically descriptive param: 
mers affect cost, but they are used for explanatory, rather 
than predictive purposes. The parametric cost estimating 
relationship is applied by substituting parameter values into 
m@ derived regression equation, calculating a cost, and 


assigning that cost to the item. A prediction interval is 
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is then calculated which puts a boundary around the pre- 
dicted value of the dependent variable. As a result, a 
statement can be made, with a en ea of confidence: 
that the predicted value will be in this interval. Never- 
theless, since the form of the quality change index regres- 
sion equations are the same as estimating relationships, 
the general procedureal development will be the same. 
Therefore, this section proceeds with the development of 
tne cost estimating relationships to be used in the quality 
change index. 

The general procedural development of the relationship 
follows a logical sequence of steps. The initial step in 
this procedural development is problem definition. This in 
itself is a many sided problem. The analyst must become 
familiar with the environment in which he is working. More 
specifically, he must acquire an understanding of the back- 
ground of the problem he intends to solve. This will enable 
him to establish the current state of the art, and how this 
has changed over any time period in which he might be 
interested. He must determine the characteristics and 
associated parameters of the system for which the estimating 
equations are being developed. Additionally, he should get 
an idea of a range. of values for these parameters. With this 
information in hand, the analyst should have an adequate 
feel for the complexity of the problem. 

The problem addressed in this paper is to develop an 


estimating equation for United States Navy fighter aircraft 
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flyaway cost. ‘The time frame is, generally, 1950 through 
1970. Background information was obtained primarily from 
becom cal! publi daultons@dealingiwith this #subpjiece, but also 
from experience as a designated naval flight officer, and 
rom consultation with other Exneriencad aviators. 

The descriptive parameters can be categorized into two 
basic groups. The first is the group of physical character- 
sstiesewhich deseripbesecne aireralt. Examplle's df this type 
include takeoff gross weight, engine thrust, physical dimen- 
sions, fuel capacity, and many others. These parameters are 
very specific, well defined, and easily quantifiable. This 
Canna said in general, of the second group which con- 
tains the performance characteristics of the aircraft. 
Variables such as maximum airspeed, combat range, and 
ordnance payload, which describe aircraft capabilities, are 
highly dependent on such factors as weather, aircraft config- 
On. ana type of mission. The two categories together 
provide a very complete description of the aircraft weapons 
system. 

With the problem defined, and its objectives understood, 
the analyst must now select an approach and acquire do a 
data. Developing estimating relationships requires consider- 
ation of an important question regarding emphasis on data 
versus theory. One approach tends to emphasize the impor- 
tance of good data and the use of formal statistical methods, 


the other the importance of explanatory theory and careful 
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coo ional expressions. Ideally. the analyst 
draws upon the best from both methods. | 

Along with selecting an approach, the analyst must 
choose which variables will be possible candidates for use 
mens cequatrions:. ine imperitant consideration is that’ the 
varlablest relate o tNhedentirefstudy elfort. The analyst's 
choice of variables is based on judgement and logic resulting 
from his = packerounderesecareh andr problem familiarization. 

Tí the relationship being developed is to be used for sensi- 
tivity analysis, the analyst must be aware of the potential 
multicolinearity problenm. 

Mis possible that the analyst might not be faced with 
the variable selection problem. In some cases, fully docu- 
mented general relationships may have been previously 
developed. Examples of some general relationships for air- 
craft systems can be found in Alexander [Ref. 1], Large | 
REG 10], Ref. 129, and Scott [Ref. 14]. Considerable 
ERR tor this paper was taken from Scott's study of a 
parametric -estimate of aircraft flyaway cost. If expediency 
is a- requirement, use Oma general relationship may De 
necessary; however, the results will normally be inferior 
in quality to those obtained from .a problem-specific 
relationship. 

The approach taken in this paper is very much problem- 
specific. The quality change index is composed of equations 
Estel relate aircraft cost Lo specific performance charac— 


teristics. Scott's relationship [Ref. 14] which predicts 
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flyaway cost as a function oí take off gross weight and 

several variables related to the quantity of each aircraft 

model purchased, as well as a model using strictly physical 
characteristic type variables, were rejected for use in this 
study because it is felt that the Department of Defense, in 

Pts) PuOcuUleMechium Ce Clemo seu AL eres Ledo 0l weight land 

Thrust, bute instead an performance capabilities. The vari-- 

ables selected for this study represent mission speed, 

mission payload, and a complicated measure of mission 
capability, none .of which can be quantified without much 
more specific definitions. 

In order to ensure uniformity of measurement over all 
fighter aircraft models considered, the following initial 
SOnotmons,and basic definitions are established for each 
moc Ye 
ORTON: General purpose fighter...This requires a `... 

based aircraft whose primary mission is destruction 
of enemy aircraft. 

WEATHER CONDITIONS: Standard day...This implies that the 
temperature equals fifteen degrees centigrade and 
the atmospheric pressure equals 29.92 inches of 
mercury at sea level. 

INS S ION PAYLOAD: Configuration. ..This implies that the air- 
craft carries the maximum appropriate ordnance when 


configured for the general purpose fighter mission. 
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CMS SEON SPEEDO This is a measure of the maximum knots 
obtainable at thirty five thousand feet on a standard 
day with the configuration amd mission o” a general 
pürpose fighter. 

Mo TON TIM Missione apap ty ae s. InePdata for this variable 
ist an output from the general purpose fighter combat 

Problem ousiaiged in Figure One; 

The quality change index ís composed of problem-specific 
regression equations relating aircraft flyaway cost to per- 
formance characteristics constrained by the conditions 
established above. Consideration should now be given to the 
appropriate functional form. 

The discussion presented in Section II of this paper is 
oa indicator of the difficulty involved in selecting an 
appropriate functional form. ro Wense decision in the 
development of a quality change index does not involve a 
Beer among different forms of production functions, many 
of the problems to be considered are similar. A primary 
RE deration should be the establishment of a causal rela- 
tionship based on a logical correlation between cost and 
the descriptive parameters, as well as on the statistical 
E erties "`  C relationship. 

One question which must be answered is whether or not to 
disaggregate. In the aircraft industry, this involves divid- 
ing the aircraft weapons system into engine, airframe, and 
avionics subsystems. This technique is often attractive 


when the analyst is confronted with a small number of data 
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COMBAT RADIUS 


"le. 3 .U05=#UUOOUIOG les 
OO = Combat 
AM. = Inbound leg 


IR orem UP” taxi, takeoff: Requires five minutes at 
normal thrust. 


fee imdb. Climb to cruising ceiling at military power. 


cruise Out: Fly at maximum range velocity at the 
eruising ceiling’. 


3..4 Descend: Descend to 35,000 feet (Requires no time 
or fuel). 


4..5..6 Combat: Fly at military power at 35,000 feet for 
twenty minutes. Comclude combat at initial cruise 
back altitude. 


me, Cruise back: Fly at maximum range velocity at the 
erulscmac celling 


T.. Reserve: Fly for twenty minutes at the velocity for 
maximum endurance at sea level plus five percent of 
iniciada Mitel Toad. 


SLON TIME includes time for climb plus time for cruise 


Out plus time for combat and cruise back. 
FIGURES: 
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Ae reload of Identifying and describing causal 
relationships may improve with disaggregation because only a 
major subsystem and not the whole equipment is addressed at 
any one time. Examples of relationships developed for the 
werat Industry using this technique, can be: found in 
UMethoeds@ofe@hsittimatang Fixed-Wing Airframe Costs," [Ref. 12] 
and Large, J. P., [Ref. 10]. Statistical questions concern- 
ing the bias of the estimates and the effect of combining 
the variations in the cost estimating relationships result 
irom the mse of this technique. 

Disaggregation was rejected for use in this paper 
because the relationship established involves performance 
characteristics of the aircraft as a whole; therefore, 
dividing the weapons system into subsystems would not be 
appropriate. 

The final decision of the analyst, the functional form 
NES relationship, is critical because not only must the 
relationship be applicable, it must also be creditable. 

This can be a problem when deciding whether to use linear, 
semi-logarithmic, logarithmic, or polynomial forms. For 
Mees decision, expectation of better statistical results is 
meme, in itself, a sufficient justification for the choice 
me a particular form. 

Po hvememuay Of Che automobile Industry; Griliches uses 
the semi-logarithmic form because, "if natural logarithms 
are used, an ‘a! coefficient (the estimated coefficient) 


will provide an estimate of the percentage increase in 
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DOE e c PO One UNITechange in the particular quality, 
holding the level of the other qualities constant. '!? 
Griliches' choice of the semi-logarithmic form is based 
entirely on ease of interpretation and not necessarily on a 
causal relationship type argument. 

here "appears comme justificeation in this study for 
evaluacion o! cách ca iC hnic orm; ads a ToBarithmic or 
polynomial form often appears in performance cost estimating 
w lacionshipS with Che explanation that with fixed technology, 
marginal costs of performance should be increasing. The 
M e eme ts as to whether or not a logarithmic trans- 
formation would be advantageous. Since initial calculations 
using the linear form resulted in a negative intercept, and 
Pase the use of ea logarithmic form, in this type problem, 
is justified, a logarithmic transformation was evaluated to 
maine if at might™ provide a more applicable form. The 
results (Appendix A) were rejected because they provided no 
Pret icant statistical advantage, and the large exponential 
coefficient in the 1951-1954 model appeared unreasonable. 
The statistical rejection of the logarithmic form here may 
be due to scarcity of data or perhaps to the fact that each 
regression was done for a narrow time span, therefore 
Mimitineg the range of characteristics to those where tech- 


nology was not pushed into "high" cost areas. 


>Griliches (1968, p. 106). 
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When the analyst has established that the relationship 
he has developed is both o ri and creditable, he must 
collect the necessary input information. One of the most 
important, often time consuming and expensive, steps neces- 
sary in the development of a@ coSt.model, is’ the collection 
and refinement of data. 

Morris Zusman, however, states "that the cost analyst 
Randall runs Antoine law oi diminishing returns for effort 
expended gathering additonal data and/or refining data in 
his possession when his productivity is measured as the 
A ne coniidence bandwidth about the cost 
eee He argues that the uncertainty about an esti- 
mate is caused by essentially three factors, the randomness 
e actual cost distribution, the randomness of the cost 
BS...  cOYr'S distribution, and the bias of the estimator. 

Rom most practical problems only the estimator's variance 

can be reduced by increasing the data base size and refining 
data. The cost randomness and estimator bias are essentially 
independent of the data base size and degree of refinement 
[Ref. 18]. The argument is then that the temptation to 
merease sample size in order to gain statistical confidence 
must be overcome as it can amplify the previously mentioned 
problems associated with data collection. The analyst should 
consider this argument, but he must also remember that as the 


Sample size becomes large, the estimated variance becomes 


usman (1969. A O) 
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smaller and approaches the true variance. In general, the 
amount of effort that can be expended on this problem will 
be somewhat determined by the particular study and the 
amount of money and time available. 

LÝ the analyst has done his background research well the 
problem of collecting both parametric and cost data should 
bezeäster, Iwolgooo"reilerences Tor the steps to follow in 
the collection process are Batchelder [Ref. 3], and Kluge 
LRer. 9]. 

For this study, the cost data were obtained form the 
Naval Air Systems Command "PAMN Budget Back-up Book," which 
details the cost elements of the PAMN appropriation category. 
are im current dollars for budget estimates. For 
example, typical cost data on a FY 1969 aircraft purchase 
contract are based on an estimate made in August 1969 (after 
the end of FY 1969) for the FY 1971 budget decision regarding 
w ement of this particular aircraft model. Cost data 
used in the estimating relationship developed for this paper 
m yaway costs: Flyaway cost is the cost of procuring 
an aircraft ready to fly an operational mission. It does 
not include any research and development, logistic support, 
operating costs. The total program cost is the sum of 
research and development and investment costs. Flyaway cost 
is one element of investment cost which also includes the 
cost of initial spares and support equipment. 

The parametric data was extracted from the Naval Air 


Systems Command Standard Aircraft Characteristics manual, 
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tor each modél, Data ds available from this source for a 
wide range of both physical and performance characteristics. 
Pa maerix On data used in developing Lhe cost estimation 
relationship for this study is presented in Appendix B. 

Table One is a list of the fighter aircraft models used 
DAS study included ame Tab lefOneris the ordnance con- 
mfeuration os eachrelreratt model The fighter models used 
in this study were limited by data availability. An attempt 
was made to use every model for which a complete set of data 
was avallable. 

Ine Steps mi tnergeneral development of a cost 
CS. 6 TP relationship are to normalize the data and, if 
necessary, adjust the approach. Cost data adjustments may 
be necessary due to learning curve effects, inflation effects, 
and inconsistencies due to contractor cost definitions. One 
such adjustment considered in this study was to figure costs 
in 1971 dollars using an index, derived by Naval Air Systems 
Command, shown in Table Two. Although this adjustment was 
rejected because the nature of the study required investiga- 
mer OL cost changes over APETITO oi rime, the table sans 
presented for possible use in future research in this area. 
No adjustments were made for learning curve effects since it 
was desired to have the cost figures used in this study 
reflect the effect of past decisions; however, this too 
Mould be a subject for future research. Considerable effort 
was devoted to the collection of a consistent set of both 


m nd parametric data The independent variables in the 
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TABLE ONE 


FIGHTER MODELS AND ORDNANCE CONFIGURATION 


FOF5 internal guns and ammunition 

FOF6 Internal guns and ammunition 

FOF”7 Internal guns and ammunition 

FOF8 Four sidewinder missiles 

F3H2N Internal guns/ammunition and four sparrow 
missiles 

F4D1 Four sidewinder missiles 

FJ} Four sidewinder missiles 

FJ4B Four sidewinder missiles 

ETIRI Four sidewinder missiles 

FOF8 Four sidewinder missiles 

BSOS Four sparrow missiles 

F8U1 Two sidewinder missiles and 32 2.75 rockets 

F8U2 Thirty-two 2.75 rockets 

F8U2N/2NE* Four sidewinder missiles 

FUA/B* Four sparrow missiles 


Ne data for these models are combined. 
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Year 


1950 
1951 
l 
1953 
1951 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1961 
1965 
1966 
1967 
1968 
1969 
1970 
1971 


TABLE TWO 


AIRCRAFT PROCUREMENT COST INDEX 


Source: NAVAIR 501 


oe) 


Index 


-437 


474 
. 190 
`... 
O e 


O 
E 
1033 
"GHO 
oral 
‚685 
.719 
30 
e 
707 
.826 
0709 
T917 


T; 


000 





cost estimating relationship have been carefully defined so 
that the parametric data requires very little, if any, 
adjustment. 

Wich gata -in hand, the analyst is now ready to proceed 
from theoretical to mathematical relationships. The model 
is exercised and then evaluated by determining how well it 
explains the data with which it was exercised, and to what 
degree it solves the problem being studied. 

The process of evaluating the data by exercising the 
model is usually iterative in nature. At each step changes, 
usually nine bc occasionally major, are made, in:the model 
Mitt io tinal iorm, the analyst is satisfied with the 
model. ‘This process was used in solving the problem addressed 
in this paper. 

As previously stated, the cost estimating relationship 
".....c‹ecd in this study is a linear regression model. Both 
stepwise and multiple linear regression, utilizing the 
Biomedical 02R and 03R programs [Ref. 5], were used to 
evaluate cost as the dependent variable versus mission 
speed, mission payload, and mission time as independent 
variables. Thirty-two cases were evaluated for seventeen 
Meade ls over a time span of 1951 through 1959. The model at 
Bs point was: 

P = a TEN 


+ : 
Time 


Mission ission Missio 
Q g sal speed Sa ee x = 
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where P = flyaway cost as previously defined. This model 
was rejected because statistical results (Appendix A) 
micweaved that the contribution of mission time to the 
explanation of cost and ređuction of variance was not suffi- 
Cren O warrant 185 inclusicadimn the modell Additionally, 
it was decided not to include repeated cases of the same 

TE cCratt model, wich identical performance characteristics, 
where only the cost changed, as time changed. This decision 
was made because the estimating relationship is being | 
developed to be used primarily in the measurement of tech- 
nological change associated with design changes and the 
resulting effect on aircraft performance, not ín the measure- 
NO cnanges in contract cost. Including the same air- 
craft more than once in the same model could introduce an 
Rmemssmrable bias. 

Plotting time lines of the individual models (Figure 
Two) provided insight which was used to divide the models 
INR CWO distinct groups. The first group included eight 
models and covered a a span of 1951 through 1954, while 
the second group also included eight models and covered a 
time span of 1955 through 1961. 

As a result of these initial efforts, it was determined 
that the cost estimating relationship which should be fully 


m@eveloped was one of the form: 


P = o + Ay Ay T A, te 
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MODELS STUDIED 






` : 
£951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 


FIFI 
F9F8 
F8U1 o 

F3H2 : 

F8U2 o 
FSU2N/2NE | 
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where p Enc cieted fiyaway cost, X, = maximum Speed at 
thirty five thousand feet on a standard day, X2 = maximum 
ordanance payload for a general purpose fighter aircraft 

te olOn and thie disturbance dai separate relationship 
is developed for each of the two time spans. The numerical 
development, evaluation and documentation of these relation- 


ships is presented in the next section. 


SW, 





V. EVALUATION OF THE COST ESTIMATING RELATIONSHIP 


Simple least-squares estimation methods are used in this 


paper to estimate the coefficients of the independent 


Peay 


variables in the general regression equation, 


i 


+ 
a 25 Sl 


12141 + 20% Uy 


describing the relationship of the dependent variable, fly- 
away cost, to the independent variables, mission speed and 
Mission" pay logar” ThePactual equations describing the 
relationship are: 

For the period 1951-1954, 


A 


P, = -2.746 + 0.531 Xã + 0.081 X + U, 


i ell 


and for the period 1955-1961, 


^ _ _ } 
Ps 34 E 0,226 X]; +80.0147 X54 + u, 


where Tản predicted flyaway cost for model i, a = mission 


speed for model 1, oy zEemiesslon payloadeior model ele 


Us = the distrubance or stochastic error terms for each 
model, and i O Observations tor each time period. 

The assumptions made in evaluating these relationships 
are that the disturbances are normally distributed, with 
expected value equal to zero, and constant variance. The 
chi-square test to determine the validity of these assumptions 


was not evaluated due to the very small sample size. AS an 


Beer nativerztcher res (1/1211, pilots were Myrestirgared Erne as 
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randonness indicated that the assumptions could be accepted 
as valid. Subsequent evaluation of the statistical proper- 
ties of the estimated coefficients is dependent upon the 
acceptance of these assumptions. Under these assumptions, 
the method of least-squares produces unbiased maximum like- 
ME Nod jestimators. 

The statistical evaluation of a cost estimating relatin- 
ship, designed to determine how¿well the ‘estimating equation 
describes the sample observations, is dependent upon the 
alice cea estandard" error oi the estimate, SE, the standard 
error of the coefficient of each independent variable, S 


al 


and S Eee TTerent or variation, CV, and the coefficient 


ae” 
of determination, Re. Pacdiemonalive, the= hypotheses that each 
independent variable has no statistical influence on the 
dependent variable, and that the equation as a whole has no 
Statistical influence, must be tested and either accepted Or 
rejected. 

All subsequent statements about the statistical evalua- 
mon Of the cost estimating relationships developed in this 
paper are based on the Summary of statistics presented in 
Table Three. The value of the SE, which measures the magni- 
tude of the variance unexplained by the regression equation, 
ms acceptable. Values as small as 0.1 to 0.2 are desirable 
for the coefficient of variation, however, a value of 0.26 
is not unreasonably large. The coefficient of determination 


ES a measure of the proportion of total variance accounted 


ot 
LOormmpy the estimating relationship. The values of 0.90 are 
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TABLE THREE 


SUMMARY OK STATISTICS 


Time Period 1951-1954 Model 


= -2. 746+0.531X,+0.081X,+u 


` 


X. = Mission Speed 


1 
X, = Mission Payload 

RÊ = 0.9038 

SERRO 1744 

CVē=#0.,262 

F = 22,4808 

P = 0.666 

X, Statistics X, Statistics 
8.1 =. 18726 oe 0.01499 : 
tt" = 2.83586 "ha 5.38235 
5.107 7 X, = 8.675 


Correlation Coefficients 


Flyaway Mission Mission 
Cost Speed Payload 


Fiyaway 1.0000 0.2385 0.5884 
Cost 


Mission 1.0000 0.8655 
Speed 

Mission 1.0000 
Payload 


Time Period 1955-1961 Model 


DE -1.134+0.226X,+0.047X,+tu 


X, = Mission Speed 

X, = Mission Payload 

Re = 0.9014 

SE REMO 2007 

V = WAS 

F = 22,8039 

P = 1.105 

Xy altıiseics X, Statistics 
Sal = 0.03610 Sa? OO 34 
ty = 6.25675 o = 1.36050 
X] = 7.906 X, 412.173 


Correlation Coefficients 


Flyaway Mission Mission 
Cost Speed Payload 


Flyaway 1.0000 0.1847 0.9300 
Cost 


Mission 1.0000 0.3595 
Speed 

Mission 1.0000 
Payload 
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eee popa in this Fstudy. The "t" statistics allow the 
analyst to make the statement that, with one exception, at 
the 95% confidence level, there is only 5% chance on the 
average that one will conclude that the coefficients of the 
pudenendent variables are sienilicantly differentifrom zero 
when in fact they are not. This statement can only be made 
with 80% confidence with respect to the coefficient for 
ion Loa dono Tater time Period. Jt is felt that 
pn rsss partialiy explained by the fact that it was more 
cc aNae termine the appropriate mission payload for 
Meme recent ralircerait models; which have increasingly 
more sophisticated weapons systems. Based on the F values, 
the hypothesis that the equation as a whole has no statisti- 
Teeni a cecance; can be rejected, for both time periods, 
with 99% confidence. Finally, as indicated by the correla- 
tion coefficient: matrices, there may be a correlation problem 
between speed and payload in the 1951-1954 model. However, 
iors Correlation iS very non-intuitive and does not appear 
in the 1955-1961 model. Furthermore, the "t" statistics for 
both coefficients in the 1951-1954 model are excellent and 
the ratio of coefficients between models is stable. For 
these reasons, the possibility of unacceptable multicollin- 
earity seems slight. Appendix D contains a collection of 
appropriate graphs and scatter plots. 

One important observation, not directly related to 
statistical analysis, can be made in regards to a comparison 


of the coefficients of the relationships for the time periods. 
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SO Ser vación 1sF*inat the"marginal costs of. one unit oí 
both mission speed and mission payload have decreased in the 
later time period model. Additionally, investigation of 
average costs shows somewhat similar results. Development of 


this average cost relationship requires use of the following 


thie pao 


numbers: 

Time Period 1951-1954 Time Period 1955-1961 

Mean value of cost USO Mean value of cost = 1.105. 
Mean value of speed = 5.107 Mean value of speed = 7.906 
Mean value of payload = 8.675 Mean value of payload =12.175 
Average cost per knot = 0.127 Average cost per knot = 0.136 
(carrying 8.67 pounds) (carrying 12.17 pounds) 

Average cost per pound = 0.075 Average ee pound = 0.088 
Mannes 5.110 knots) MP ane (DONO knots) 

Marginal cost per pound = 0.081 Marginal cost per pound = 0.047 


of payload olfpayload 


Note: All values of performance characteristics are scaled 
downssyzzsrsetor of 100. 


With these figures, the cost of producing aircraft with 
1955-1961 ES characteristics, utilizing 1951-1954 
technology, can Be calculated. The average ot SA a ES 
Runas oÍ ona Carried au 5 om knots is 12.1 /S5x0 207058 
ich ae 0.913. The cost, in the early time period, of 
carrying this payload at 7.906 knots equals 0.531220 
=r91-5.11), or 1.484. The sum of these two figures, 2.397, 


represents the average cost, in the early period, of carrying 


12.175 pounds of payload at 7.906 knots. In the same manner 
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the average cost of flying 7.906 knots while carrying 12.175 
Pounds Toi payload; can be calculated. The result equals 
1.288. The large difference between these two figures 
indicates that this is a crude method of calculating average 
cost figures; howéver, it is, nevertheless, êncouraging to 
note that both figures are greater than the mean value of 
the cost, for the later time period, of an aircraft with 
these same mean value performance characteristics. 

Tess tas bic analysis indicates that the cost 
estimating relationships developed are acceptable for use 


and can be applied to the problem addressed in this paper. 
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VI. APPLICATION OF THE COST ESTIMATING RELATIONSHIP 


Having successfully developed an applicable and credit- 
able cost estimating relationship, it can now Be used to 
pate eaten quality change index WachcnTts index, 0 als 
possible to apply the theory of hedonic price indexes to the 
Stu@ye Ot CtThe@ettecr ole Technological change on United States 
Navy fighter aircraft flyaway cost and performance 


characteristics. 


e 


The quality change index as it applies to this study can 
take either of two equally acceptable forms. The first is 


the form described in Section III: 


QŒT = P./Po > 


A, 


where QCI = quality change index, E 7 ie ON ), and 


IE? Xot 
The second form is the same as Griliches 


A, 


Poa = fr(XqosX2g)- 


mcm. 7] used. Et is as follows: 
/P 


QCI = P 


AS 


It’ Xog)» and Po = £y(Xy pop)? - 


in both alternative forms, are cost estimating 


where P. = o ER 


PL and Pos 
relationships using appropriate sets of performance charac- 
teristics as inputs. The alternative forms simply provide 
Mié analyst a choice of time periods on which to base the 


calculation of the quality change index. This index, there- 


fore, measures technological change as a ratio of the same 
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cost estimating relationships using two different sets of 
pPpertormence characteristics. 

The next requirement for application of Hedonic price 
ingek theory is an index designed. Co measure, Meamclusivaly;: 
price change. Generally, this) index will take the form, 
P,/Po- Again using the cost estimating relationships, an 


apparent price index is developed which takes the form: 


API = P 


O 


X t) anoi rP = ti (A X 


2 0 o 


where Bai- li 


es 10% 20? : 

Finally, a true price index is formed to measure "real" 
wnes in prices. This is accomplished by adjusting the 
Aapparent pricé index by the quality change index. The true 


price index, therefore, is formed as follows: 


O API fgfcz%ay) LA Xog? 


Sr TE ES TT 
QCL falto % Tilt g>Ão0 


| Topo = 


for the alternate quality change index, 


_-API _ fgtesXap) fe Xit Xag? 
TPI = oF = : 
Lo 0%? EO Xog) 
Y 
LA X54) 


IPLE CF 
0 Astor 
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Peer est or Using the alternate) forms of the quality 
aran se Mindex are true price indexes which differ onty in the 
sei o performance characteristics used as inputs. This 
result is useful for comparison purposes. An example of the 
numerical calculation of each index Is presented in Table 
Pour: 

In this paper, three approaches are taken in the numeri- 
cal development of these indexes. For the true price index, 
Cncetirst approach Ls TO use eight sets of actual performance 
dac a a e a e eaa r Ceralt in thefparticular time period, 
E1 0011006 rune trucyprice index for each aircraft, then aver- 
age the results over all eight aircraft. The second approach 
Ia lculate the indexes directly using the mean values 
No performanee characteristic variables. The third 
approach is the same as the second except that median values 
meemsed in the calculations. Although it is not reasonable 
to form a set of quality change indexes which compare results 
obtained from calculations using the same regression equation 
with performance eharacteristics of two unrelated aircraft 
models as inputs, the tes formed using mean and median 
characteristics are meaningíul. Table Five shows the 
calculations for the three true price indexes and the two 
quality change indexes. 

The collection of values for the quality change index 
vary over a range of 2.40 to 3.65. The choice of which 


regression equation to use in calculating the index does not 
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QCI = 


QCI 


API 


API 


TPI 


TPI 


TPI 


TABLE FOUR 


EXAMPLE CALCULATIONS 


Averdgcal lehter @talinealain regression equatiomlor time 1 


Average fighter of time O in regression equation for time 1 


= abs PO, 22006 OT) E O Dal. 17) mF. 106 


e (aT SO EEE) Do. 3h3 7 2 


Average fighter of time 1 in regression equation for time 1 


Average fighter of time O in regression equation for time O 


La = 1.657 


A enter time O in regression eg. tor time 1 
QCI Avg. fighter time O in regression eqn. for time O 


El 1 O 2265.11) + 0.037(8.67) 
2.746 + 0.531(5.11) + 0.081(8.67) 


0.318 = 
0.667 = Or 
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TABLE FIVE 


QUALITY CHANGE AND TRUE PRICE INDEX NUMERICAL VALUES 


Aerie Pte Cte ie dll erie. a e AA C quo 
Sieh Vereßsinsveaneil Mmechver Omeilnsedne 0 








Mean QCI = 3.22 Mean QCI = 3.65 
Median QCI = 2.40 Median QCI = 2.90 
a G PEE eOr 
_ tee aro ez fighter im ecqn. O 
Model 1. = 0.73 Model 1. = 0.47 
2. 2420057 2. = 0.50 
3. = 0.68 3. = 0.54 
4, = 0.54 4. = 0.65 
5. = 0.46 5. = 0.34 
6. = 0.49 G8=80. 43 
E. ,=80.50 (Pe-e). 
O. CRO OS O 
AGO AO 2201/0040 
Average TPI = 0.58 Average TPI = 0.48 
Mean TPI = 0.51 Mean TPI =#0,.45 
zen E 


Median TPI = 0.59 | Median TPI 
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e? 


Peeeeusborbe Sigmiticant. Interpretation of the results 
indicates a roughly three fold increase in quality for the 
time period investigated. 

Because of the magnitude of these indexes, another set 
was cateulated. aszazcheeezusinezsche Tögsarı chmze form Os 
the estimating relationship as shown in Appendix A. The 
result for the first method, 2.36, was comparable. The 
result for the second method, 12.82, gave further indication 
that, in part because of the large coefficient of mission 
E'ïcc a6: .. 86.  c.'.. 61710 form should not be used. 

The apparent price index indicates a sixty-six percent 
increase in the flyaway cost of the fighter aircraft between 
the two time periods covered by each model. Taking the 
median year of each period results in a time span of roushly 
1953 to 1958 for this sixty-six percent change. 

The range of the true price index values is 0.45 to 0.59. 
Although the values obtained using the set of performance 
er acteristics for earlier models of fighter aircraft are 
Ame rally greater. than the values associated with later 
models, the difference is not large. The true price index, 
mech measures price change adjusted for quality change, 
shows a decrease by a factor of approximately one-half. 

The important implications of these results are discussed 


in the next section. 
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VS OMNIA 


Planning and programming decisions in the Department of 
Defense today are directed towards maximizing effectiveness 
With limited resources. since changes in technology can 
have significant effects on this goal, a better understanding 
of technological change could be of considerable benefit to 
the decision maker. 

in Order to Understand the effects of technological 
change, the analyst must be able to measure them. This paper 
has developed a performance cost estimating relationship 
Which when used in conjunction with hedonic price index 
meor, measures technological change in the form of a 
quality change index. This index is then used to adjust an 
index of observed price changes, pneste stilo co Which isa 
true price index. 

The concept of measuring the effects of technological 
change is tested by applying the associated theory to the 
analysis of price change in Navy fighter aircraft procured 
over a period of 1951 Ro 10601. While iG ds obvious that 
procurement costs have increased significantly, the results 
of the analysis show that the increase in quality has also 
been significant. The true price index value of approximately 
0,5, reveals that the apparent price change, adjusted for 
quality change in the performance characteristics, mission 


speed and payload, has actually decreased by roughly one-half. 


De 








These results together with the observed decrease in 
EU marginal Recs and in the average cost relationships, 
indicate that new technology gives improved performance 
enaracve ns ie at lomerdocscs Chan old technology. 
Duegsppberantialeıncreasesıı ailrcratweuniv cost has 
raised in the minds of many defense! critics the question of 
whether it would not have been better to continue to buy 
older, cheaper aircraft. The analysis of this paper shows 
oaa S enaa deerat are purchased for speed and payload, 
Coe MaA TONO new alrcralt has enabled the Navy to buy 


more of these characteristics for any given budget. 
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APPENDIX A 


LOGARITHMIC MODEL: 


p= a {mission “1 [mission] ?2 
0 speed payload 


4 missão ; mission 
As en LA eG Payload 


Statistics: 
Time Period 1951-1954 Model 


Log]. P = -4.606 + 4,946 Log, glV, 1] + 0.943 Log, gh Vo 


RÉ = 0.9305 
SE = 0.09512 
F =33.1576 
Ea, O Ti 
Ea, = 5.63356 


Time Period 1955-1961 Model 
Log, y P= 0/27 1.636 Log, lV, ] + 0.381 Log, y L Vo) 


E 


R = 0.8961 
SE = 0.10784 
F =21.5714 
pera = 6.15713 
dia, = 1.10925 


cuc. gan A A 2 
po fighter O egn al Too fighter 0 in eqn. O ia 
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APPENDIX B 


>> 


AIRCRAFT COST PREDICTED SPEED PAYLOAD MISSION - 
MODEL (MILL$) COST (x 100 (x 100 TIME 
(MILL $) KNOTS) POUNDS) (HOURS) 
1951-1954 Cost = -2.746 + 0.531(SPEED) + 0.081(PAYLOAD) : 
1951 FOF 5 0.274 0.15646 4.75 AL 2.35 
1952 6 0.288 0.32275 5.13 la 1.69 
1952 7 0.265 0.17937 4.86 L27 2A 
1953 8 0.332 0.55054 4.55 10.91 2.06 
1954 F3H2N 1.580 Te 5.26 a 1.88 
1954  FHD1 0.757 0. 72409 5.65 8.30 1.70 
1954 FJ} O- 77L 0.85237 5.36 9.32 2.30 
1954  EJUB 1.060 0.86733 5.30 13.00 2.00 
MEAN 0.666 Sl o 2201 
MEDIAN 5.20 8.81 
1955-1961 Cost = -1.134 + 0.226(SPEED) + 0.038(PAYLOAD): 
1955 F11F1 0.803 0.58182 6.08 9.20 1.57 
1956 FJ4B 0.534. 0.43160 5.30 9.90 2.00 
1956 F9F8 0.303 . 0.29969 4.55 10.91 2.06 
1956 F3H2 0.953 0.99499 6.21 19.52 2.06 
1956 F8Ul 0.945 1.32363 8.50 12.62 1.90 
1957 F8U2 1.100 1.38242 9.81 9.83 we 
1958 F8U2N/2NE 1.590 1.44810 9.81 9.83 1.81 
1961 FHA/B 2,610 2.37877 12290 16.08 eval 
“MEAN ai om feat 1.84 
MEDIAN 7.50 10.40 





APPENDIX C 


SUMMARY OF 
Time Period 1951-1954 Model 
P = -2.746+0.531X, +0.081X,+u 
X] = Mission Speed 
X2 = Mission Payload 
Ro = 0/9028 
SE's 0.1744 
O FO 202 
Re = gop 
P = 0.666 
Xy Statistics X2 Statistics 
Sal = 0.18726 920 = 0.01499 
"ty" = 2,83586 "ty" = 5,38235 
X) = 5. 10% X, = 8,675 


Correlation Coefficients 


Flyaway Mission Mission 
Cost Speed Payload 


Flyaway 1.0000 0.2385 0.5884 
Cost 


Mission 1.0000 0.8655 
Speed 
Mission 


1.0000 
Payload | 


STATISTICS 
Time Period 1955-1961 Model 
P = -1.134+0.226X, +0.047X,+u 
X] = Mission Speed 
Xo = Mission Payload 
R“ = 0.9011 
SE = 0.2667 
CV = 0.263 
F = 22.8039 
P = 1.105 


er tatistics X, Statistics 


1 2 

S.) = 0.03610 S,, = 0.02734 
IE `... co 
x, = 7.906 X, = 1S 


Correlation Coefficients 


Flyaway Mission Mission 
Cost Speed Payload 


Flyaway 1.0000 0.1847 0.9300 
Cost 


Mission 1.0000 0.3595 
Speed 

Mission 1.0000 
Payload 
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